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Abstract:
A SCI ics of Dolvacl vlonitrilc-based (PAN) clcclrolvtcs mmtainitm
1,iAs]”6 and’ a ‘nun;bcr of so]vcnt’ nrixt&s incl~ding Ilthy]en;
cat bonate (l{C) + Propylene carbonate (PC) were prepared and
clcc[[c)cllclllically evaluated. I’hc typical composition of the
c!cct! olyte mixtr-rrc was PAN -20 MO/O, LiAs1;6 --15 MO/O and
solvc[]t n~ixturc .- 6S MO/o.  g’hc highest room temper atul c lithium
icm conductivity measured with these electrolytes was 4.76 x 10-3

S/cr]I, St)]all capacity (-S mA h) cxperir]~cntal cells with lithiunl
anode and lithium cobalt oxide (I ,ixCo02) composite cat}}odc  and
gelled CICCII olyte of composition (PAN 15 MOA; 1,iAs]’6 10 hfOA
and llC + I’C 70 IWO) weI e fabricated and evaluated for cycle life
and cathode UI iliz.ation e~lcicncy. I’he CCIIS  gave over 2S cycles
with a small capacity loss and the cathode utili~.ation etlcicnc.y was
around 40°/0,

lntro(luclion:”
Gelled polymer electrolytes oflel potential possibilities for the
rcalixation of lithium polymer batteries for commercial applications.
‘l’tIcy exhibit very }Iig}] mom temperature lithium ion conductivity,
con]pal able to that of apl otic solvents, and acceptable mechanical
in(c~,l  ity to act as a separator, Mainly, gelled electrolytes have been
dcvclopcd kccpin.g in mind the impor-iant properties namely: high
lithium ion conductivity (for high rates); structural integrity (to act
as a sepal at or) and c.hcmical and clcchochemical stability (for long
cycle life). l;xpcrimcntal, small capacity, CCHS with lithium anode
and vaT ious cathodes have been fabricated and rwaluatcd for cycle
life and cathode utilization efllciency], For example, Abraham et
d.l:’ have lcpoltcd  that I,i/l{C + PC + 1,i004 / l’i S2, (conlposite
c:ithodc) cell could be cycled at high rates with high cathode
ut i l iza t ion  etlicicncy (850/0 rrt 09 rate), We rcpoll be low our
results on the. clcctt-ochcmical pmpc.t iics of PAN-based gelled

clcctiolylcs cc)ldaining l:.~ + l’~ + ] .iAsl;6  as WCII as on the c/d
bchavim,  at room tcn~pcraturc, of l,i-1 ,i@02 CCIIS  containing the
abcwe CICCIJ  olyte,

ltxpcrimcnla]:
lLIcCfrOlyle  l ’ r epara t ion : All the  chemicals were used as
Icccivcd with out fll[ [her purification. Gclle.d elcctr olytes with
difYcl  cnt compositions WCI e prepared as given below. Appropriate
all) OLlllt S of tl]e conli~oncilts  were weighed before hand. 1,ithium
licxtiftuo]o arsenate was dissolved in the solvent mixtulc and the
temper atul c of the ]iquid electrolyte was raised to 10O°C followed
by the slow addition of PAN, ‘J’he tcnlpcrature  was rnaintaincd at
a r o u n d  100oC till a clear hon)ogcncous viscous l i q u i d  w a s
obtained ‘1’llin  film were pl-epared by casting the hot gel bctwccn
two preheated qual (Y, plates and pressing them together. I’his
]I[ocedurc yielded thir) films with thickacsscs -100 ~IM, Wc foLll)d
it mcc.ssrrr  y to LISC polyacry]onitt ilc in finc]y divided powder form
to achieve transparent homogeneous clear liquid. ‘i’ypical
composition of the electrolyte was PAN -20 MOA, 1.iAs176 -1 S hIO/O
and solvent mixture. -65 h4°A,

(:ompositc  (hthodc  l’rcparalion: ].ix(ooz - b a s e d
composite cathodes wcr c used for CCII studies. Composite cathodes
comprises of 1.ixCo02  (SO WYO, acetylene black 10 W%O and the
polynmr clcctr olytc 4 0  W % ) . ]’olyrncr  clect[ olyte ( s a m e
composition as dcscl ibcd in the pr cvious section) was prepared
bcfor chand followed by the additior~ of 1,ix~o@  and acclylcne
black, l’he hot black mixture was uniformly spread on a prchcatc.d
alunlinum foil. I’he composite electrode was cut to si~c for ]ater
L! SC.

S t a n d a r d  elcctrochcrnical equipment  were  used  for  the
clcctrochcmical  evaluation of the gelled clccirolyie films and the
Albin cyclcr was  USC(I  for c/d StLldiCS.  ‘1’hc cells w e r e  cyckd
bctwccn 4.2 and 3.3 V.

R e s u l t s  aud l)iscussion:
]~l~~~r~]yt~ stlr(]i~s: ~~l~ctrolytcs  fi[n)s  were cut to si7,c ( - 1

cn~2) and sandwiched bctwccn two WCII polished stainless st~cl
(SS) clcctrodcs (blocking contacts) for both a-c and d c
measurements. The a-c measurement was made in the frequency
legime. 100 kl 17 to 5117, In Figure 1 is shown the Nyquist  plot for
the elec[rolytc of composition PAN -20 MVO, I,iAs}:6 -15  h~% and
l;C -rJ’c - 65 h4%. ‘J’hc x-axis intcrccpt gives the bu!k resistance

(Kb) of the clectrolytc, l’he rcsistivity (o) is 4,76 x lC~-3 S/en) at
room temperature. I’hc near perpendicular plot indicates that there
is no measurable charge t[ ansfcr at the interface. In 1~’igure 2 is
shown the d-c voltanunett-ic behavior for the sarnc elccb olytc. l’he
electrolyte seems stable in the voltage range 1 to 5 V vs. I .i,

Cell St adics: I{xpe[  imcntal cells w i t h  1 . i  a n o d e ,  1,iCo02
composite cathode (- 4 n~Ah) and gelled electrolyte were fabricated
and cycled at room temperature. Vigure 3 provides a plot of
capacity vs. cycle #/. The CCHS were cycled over 25 cycles with a
small decline in capacity, Attcrnpts are underway to improve the
cathode composition and preparation tcchniquc to improve the
cathode utilization efllcicncy and capacity dcclim

C o n c l u s i o n s :
PAN-based gelled elcctl crlytcs of difl’crcnt con~positions  were
prcpar cd and elcctr oc~lcnlically cvah]atcd Among tbc scvci al
Colnposit  ions studied the c]ectl olytc composition which gave the
best conciuc[ivit  y, of 4.76 x 10-3 S/en) at room tcrnpcr atUl c, was
PAN 21 h4°/o; 1.iAsI:6 8 M“A and llC + }’C 71 hfOA. Small capacity
cxpc] imcntal  CCIIS  with 1.iCo02 composite cathode wctc  fabr~catcj
and tested for cycle life, Although the cells could bc cycled over 2S
cycles the cathode utilization was poor and the capacity declined
with cycling. lrnpl ovcd p[ cparation tcchrriqucs will bc adc)ptcd to
minimize capacity decline and increase cathode utilization
elliciency,
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};ip,ul  c 1, Ny@list  plot for the. clcctro]yle  containing PAN -20 w??,
1 iAs16  --1 S WO/O and scdvcmt  mixture -65 WO/O.
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l;igur c 2. 1)-[; cyclicvoltarnmct  ric Mavior of the elect rolytc  (sarrw
as in l;ig,. 1 ) sandwickl  bctwccn  two well polisheci siainlcss  steel
Clcct[o(!cs.
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Figlrl c 3. * C a p a c i t y  v s .  cycle r) Llrnbcr  for the  ce l l  1  ,i/Gcllccl
clcclrolylc  Kkmlpositc  1 ,ixCo(J2. * electrolyte same as in Fig 1,


